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Abstract 1 
 2 
A composite line source emission (CLSE) model was developed to specifically 3 
quantify exposure levels and describe the spatial variability of vehicle emissions in 4 
traffic interrupted microenvironments. This model took into account the complexity 5 
of vehicle movements in the queue, as well as different emission rates relevant to 6 
various driving conditions (cruise, decelerate, idle and accelerate), and it utilised 7 
multi-representative segments to capture the accurate emission distribution for real 8 
vehicle flow. Hence, this model was able to quickly quantify the time spent in each 9 
segment within the considered zone, as well as the composition and position of the 10 
requisite segments based on the vehicle fleet information, which not only helped to 11 
quantify the enhanced emissions at critical locations, but it also helped to define the 12 
emission source distribution of the disrupted steady flow for further dispersion 13 
modelling. The model then was applied to estimate particle number emissions at a bi-14 
directional bus station used by diesel and compressed natural gas fuelled buses. It was 15 
found that the acceleration distance was of critical importance when estimating 16 
particle number emission, since the highest emissions occurred in sections where most 17 
of the buses were accelerating and no significant increases were observed at locations 18 
where they idled. It was also shown that emissions at the front end of the platform 19 
were 43 times greater than at the rear of the platform. Although the CLSE model is 20 
intended to be applied in traffic management and transport analysis systems for the 21 
evaluation of exposure, as well as the simulation of vehicle emissions in traffic 22 
interrupted microenvironments, the bus station model can also be used for the input of 23 
initial source definitions in future dispersion models. 24 
Keywords: traffic interrupted, emission model, bus station, exposure evaluation, 25 
dispersion simulation 26 
 3
1. Introduction 1 
Traffic interrupted transport microenvironments, such as transport corridors, transit 2 
hubs, pedestrian crossings, signalled intersections and bus stations, often exhibit 3 
higher vehicle emission levels, up to several orders of magnitude greater compared to 4 
the levels of free-flowing traffic, as a result of longer idling times, increased vehicle 5 
acceleration rates and higher engine loads (Kean et al., 2003). Thus, individuals who 6 
spend time in such environments may be exposed to significantly higher levels of 7 
particulate pollution in relatively short periods of time, increasing their risk of 8 
potential health implications (Pope et al., 2006). The evaluation of passenger exposure, 9 
and the simulation of vehicle emission dispersion in and around such environments, 10 
requires a detailed understanding of emission source distribution within these regions. 11 
Further, the description of emission distribution relies on accurate estimates of vehicle 12 
emission inventories associated with transportation network conditions, that is, that 13 
are subject to both vehicle emission rates models and with traffic activity models. 14 
 15 
There have been a number of developed emission models to evaluate vehicle fleet 16 
generated emissions. The applications of these models involve global, regional and 17 
local scale assessments of air quality issues (Parrish, 2006), such as the 18 
Environmental Protection Agency’s Mobile (EPA, 1993) and the California Air 19 
Resources Board’s EMFAC models (CARB, 2001), to regulate air quality studies 20 
focus on link-based and trip-based emission rates, respectively. BRUTAL model has 21 
been considered as a high resolution model (1km) incorporated with the ability to 22 
capture the enhanced roadside concentrations in urban street canyon (Oxley et al., 23 
2009). MM5-ARPS-CMAQ mesoscale model was applied to investigate PM10 24 
pollution in Beijing (Cheng et al., 2007). MEASURE (Fomunung et al., 2000) and 25 
 4
VERSIT+ (Smit et al., 2007)models consider congestions and require actual driving 1 
pattern data as input.  These studies assume a constant rate of emission over a length 2 
of the road, calculated mainly as a function of traffic flow and speeds. There are also 3 
more detailed methods using instantaneous speed and acceleration values expressed in 4 
polynomial forms to predict vehicle’s emission in respect to different driving 5 
conditions (Lee, 1983). Notwithstanding, these models are relative complicated and 6 
expensive for transportation planning studies. 7 
 8 
Vehicle emission dispersion models include box model, Gaussian model, Lagrangian 9 
model and computational fluid (CFD) dynamic models (Holmes et al., 2006). Liu et al. 10 
performed a numerical study of ozone concentration in a street canyon using a well-11 
mixed box model (Liu et al., 2008). Tsuang et al. quantified the relationship between 12 
pollutant sources and receptor using a Gaussian plume trajectory model with steady 13 
SO2 and NOx emission rates (Tsuang, 2003). Gorbunov et al. used a Lagrangian 14 
model with constant emission rates to investigate the relationship between particle 15 
mass concentrations measured by different techniques in urban area (Gorbunov et al., 16 
1999). CFD method has been also applied in mesoscale simulations of urban vehicle 17 
emission scenarios (Baik et al., 2003; Gidhagen et al., 2004a). The definitions of 18 
emission source in these dispersion research works were in the form of one line 19 
source where vehicle emissions evenly distributed. One possible interpretation is that 20 
the objects investigated in above research regarding emission models and dispersion 21 
models belong to mesoscale areas. It is unnecessary to consider the emission source 22 
with attention to detail, and yet focus on microscale traffic interrupted 23 
microenvironment, evenly distributed line source emissions maybe inappropriate for 24 
 5
the estimation of passengers’ exposure and definition of emission source in dispersion 1 
modellings. 2 
 3 
Choosing the most fit approach, depends on the complexity of the research objects 4 
being addressed and the degree to which the problem is supposed to be understood. 5 
As far are we are aware, an exact analytical emission model has not been found 6 
therefrom specially for evaluating the emission levels and describing the emission 7 
source spatial distributions at traffic interrupted microenvironments. The above 8 
emission models are built as a function of average link speeds, so that they are 9 
incapable of providing estimates of vehicle emissions in large scale or mesoscale area. 10 
This is because vehicle at microscale locations are with more frequent transient 11 
changes, such as vehicles spend a longer period of waiting near the junction and 12 
accelerate/decelerate. Additionally we know that the increased orders of magnitudes 13 
of emission rates indicate the importance of calculating spending time in each 14 
condition accurately, as the minor time change might alter total emissions 15 
significantly. Hence there is a need to develop a more specific emission model used 16 
for traffic-interrupted microenvironments, which possesses the ability of treating the 17 
complicated varieties of the disrupted steady flow. 18 
 19 
To address the above concerns, this research is aiming to develop a composite line 20 
source emission (CLSE) model for both homogeneous and heterogeneous traffic flow. 21 
It needs to emphasize that the focus of this study is the traffic interrupted 22 
microenvironments. The developed model utilizes multi-representative segments 23 
reflecting continuously varying driving conditions within such areas to capture the 24 
accurate emission distributions of the real vehicle flow. In addition, this model can 25 
 6
fast quantify the time spent in each segment, the number and the position of the 1 
requisite segments based on the vehicle fleet information, which helps to quantify the 2 
enhanced emissions at critical locations and define the emission distribution of the 3 
disrupted steady flow for further dispersion modellings.  4 
2. Model development 5 
In reality, a stream of traffic includes vehicles of different types travelling under 6 
various driving conditions. Emission rates during each of these driving conditions 7 
may differ by over an order of magnitude, and hence the estimation of the overall 8 
emissions can be complex. In this study, we derive a CLSE model for a number of 9 
moving vehicles that are forced to stop and start at a given location on the road. Such 10 
locations may include a traffic signal, a traffic congestion, a pedestrian crossing or a 11 
bus stop. We restrict our calculations to the emissions within a given length along the 12 
road. The given length is called “the considered zone” and defined as the area in 13 
which the normal traffic flow is interrupted (i.e. vehicles are moving at cruising 14 
speeds out of this zone).  15 
 16 
In the considered zone, the distribution of emission source along the vehicle trail is 17 
determined by a number of variables, classified into two categories: traffic-related and 18 
vehicle-related. Traffic-related variables include: 1) whether the vehicle movement is 19 
classified as “stop” or “non-stop”, 2) the number of vehicles within a given period, 3) 20 
the length of the considered zone, 4) the idling locations of each vehicle, and 5) the 21 
time spent in each driving condition. The vehicle-related variables account for the 22 
emission rates of different vehicles driving under respective conditions including 23 
decelerate, idle, accelerate and cruise. 24 
 25 
 7
The development of the model needs to consider all above variables. The first set of 1 
variables need to be involved are the classification as “stop” or “non-stop”, together 2 
with the emission rates under different driving conditions for a specified vehicle. 3 
Figure 1 depicts the speed-time graph, in which “stop” represents a vehicle is forced 4 
to stop, and “non-stop” describes the vehicles pass without slowing down and moving 5 
at a steady cruise speed of VC. The vehicles that stop, approach the stop at speed, VC, 6 
decelerate for a time TD, idle with the engine on for a time, TI, and set off accelerating 7 
for a time TA, until they reach cruising speed again and continue on their journey 8 
away from the stop. Accordingly, “stop” or “non-stop” indicates whether vehicles 9 
have or have not undergone changes in driving conditions which is link to determine 10 
the adopted emission rates. Stopping vehicles have four distinct driving conditions 11 
associated with the corresponding emission rates. The total emissions from one 12 
vehicle will be the sum of the emissions under four driving conditions, which is a 13 
function of the respective emission rates and time that the vehicle spends in each 14 
condition. Only cruise emission rates are considered for non-stop vehicles. Therefore, 15 
the emissions produced by one vehicle are expressed as: 16 
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where C1, D, I, A and C2 refer to the driving conditions of initial cruise, decelerate, 19 
idle, accelerate and final cruise, respectively. Timei notes the time spent by the 20 
vehicle in each driving condition and the summation means calculating for the 21 
different driving conditions of the vehicle. It need to emphasize here, as we describe 22 
the real vehicle driving scenarios at the traffic disrupted area, we calculate the Timei 23 
 8
involving considering acceleration rates of vehicles. The Timei is calculated using the 1 
follow three equations: 2 
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 6 
where V2 notes the final driving speed; V1 is the initial driving speed; a is the 7 
acceleration rate; s is the vehicle travel distance on which V1 changes to V2; t is the 8 
time spend through the distance s. 9 
 10 
The second set of variables we look at is vehicle idle location within the considered 11 
zone. For example, when two or more vehicles arrive before the preceding vehicle 12 
starts to accelerate from a stop, they will form a queue and, in such instances, some 13 
will be forced to stop at locations behind the usual stopping location, which lead to 14 
the initial cruise and final cruise time of each vehicle will be altered according to the 15 
stopping location, and hereby the total emissions from a vehicle over the fixed length 16 
of the considered zone are associated with where the vehicle stops. Therefore, the 17 
stopping locations were specified as j = 1, 2, 3… respectively excluding non-stop 18 
buses. The total emissions produced by a vehicle in the considered zone can be 19 
expressed as: 20 
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where j specifies the stopping location of the vehicle. 23 
 24 
 9
The third set of variables focuses on the emission rates related to vehicle types, such 1 
as passenger cars, buses and trucks, also including similar vehicles but operate using 2 
different fuel types for instances of petrol, diesel, compressed natural gas (CNG) and 3 
liquefied petroleum gas (LPG). Taking into account the emission rates dependent of 4 
the vehicle types and fuel types, different classes of vehicles and/or fuels are denoted 5 
as Q1, Q2…… Qk. We obtain the total emissions for a certain type of vehicle in the 6 
considered zone expressed as:  7 
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 9 
Equation (1), (5) and (6) describe the emission calculations for the situation of only 10 
one vehicle driving in the considered zone. The last variable, N, is the total number of 11 
passing vehicles. In this case, we define the percentage number of vehicles belong to 12 
the different vehicle classes are q1, q2…qm,. The percentages number of vehicles 13 
idling at the various locations is denoted by F1, F2…Ff and therefore, the emissions 14 
from all the vehicles can be expressed as:             15 
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 17 
Albeit equation (7) allows the calculation of total emissions from all vehicles within 18 
the considered zone, considering evaluating passenger exposure and defining 19 
emission distribution in dispersion simulation for traffic-interrupted area, above 20 
equations have no ability to quantify and depict the spatial distribution of emission 21 
sources within the zone. Aiming to incorporate the entire vehicle emissions into one 22 
representative line source, several issues are discussed below.  23 
 10
 1 
Figure 2 describes the driving conditions of vehicles within the considered zone. For 2 
example, the lead vehicle (top line), stopping at location j = 1, enters the zone at a 3 
steady speed and cruises at this speed in C11, decelerates in D1, and remains idle in I1 4 
before accelerating away in A1 to reach cruising speed in C12. The second line 5 
represents a similar scenario for the situation of the vehicle stops at j = 2 and the 6 
bottom line depicts a more common scenario of j vehicles waiting in the queue. The 7 
acceleration rates of all types of vehicles are denoted by “a” in equation 4, and whilst 8 
this rate determines the distinct acceleration/deceleration time, as well as the length of 9 
each segment, it does not affect the total number of segments in the CLSE model. The 10 
considered zone comprises of a road length of L meters. Typically, besides the length 11 
of the vehicle queue, L is also determined by the longer distance selected from the 12 
deceleration distance of the last vehicle or the acceleration distance of the lead vehicle, 13 
as we set equal distances before and after the vehicle queue. We assume acceleration 14 
distance is longer than deceleration distance here, so we set the length of acceleration 15 
distance at both sides of the vehicle queue, and vice versa. 16 
 17 
We made a simplified assumption that all vehicles follow the same travel path, 18 
decelerate and accelerate at the same rates denoted by ad and aa, respectively. Figure 2 19 
also implies that the initial and final cruise distances of each vehicle vary with 20 
changing of stopping location j. For example, within the considered zone, the lead 21 
vehicle that stops at j = 1 features the longest cruise distance before deceleration, but 22 
the shortest cruise distance after acceleration, compared to the last vehicle in the 23 
queue, at stop j, reveals the shortest cruise distance before deceleration and the 24 
longest cruise distance after acceleration. 25 
 11
 1 
Based on the above knowledge, the CLSE model was developed including points and 2 
line segments, as shown in figure 3, to represent the emission distributions along the 3 
road near to the location where the traffic flow is interrupted. The CLSE model has j 4 
point sources that coincide with the locations of the j idling vehicles in Figure 2. 5 
Figure 2 also shows that there are 3 cut points (separate initial cruise, deceleration, 6 
acceleration and final cruise points) on each line in addition to the 2 endpoints. 7 
Additionally, the 3 cut points on each line do not overlap as the vehicles idle at 8 
different locations, accompanied with their own decelerating and accelerating starting 9 
points. While regarding the first line about the leading vehicle, the longer acceleration 10 
distance of this vehicle decide the length of the zone without involving the final cruise 11 
of the leading vehicle, but considers the initial cruise of the last vehicle. Therefore, we 12 
should obtain 3j-1 cut points and 2 end points if incorporating all of the idling 13 
vehicles from figure 2. It determines the CLSE model comprising of 3j segments. 14 
Superadding the presences of j idling points, thus the considered zone can be 15 
represented using 3j line segments and j points (total 4j), as exhibits in Figure 3.  16 
 17 
Each segment of the developed CLSE model includes contributions from all of the 18 
vehicles driving through this segment under different conditions, which makes the 19 
total emissions in each segment equal to the sum of the emissions from all of the 20 
vehicles in that segment under different driving conditions. That is, the produced 21 
emissions in each driving condition and the corresponding time spent by each vehicle 22 
in this segment determine the emissions in each segment. So, we derive: 23 
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 1 
where z is the segment of the CLSE model: 1, 2, 3……4j; Z denotes the emissions in 2 
segment z; i represents the driving condition: deceleration, acceleration, idle, cruise 3 
and non-stop; and j is the vehicle stop number. Emissionij is obtained using equation 4 
(6), representing the emissions produced by the vehicle under driving condition i and 5 
idles at stop j. The contribution of each condition is calculated as: 6 
                                                    
t
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 8 
where t  notes the time spent by each vehicle in each segment under a certain 9 
driving condition, and t represents the total time each vehicle spends in the whole 10 
corresponding driving condition. Above all, the emission source distributions in the 11 
CLSE model can be described using Equation (8) and (9). It should be stressed here 12 
overtaking is also considered in the CLSE model, whereby the vehicle is assumed to 13 
be accelerating for the entire length of the segment between the original location and 14 
the final location of the overtaking vehicle. 15 
 16 
3. Model application in a bus station 17 
This part intends to investigate the applicability of the CLSE model at a traffic 18 
interrupted microenvironment. A typical dedicated bidirectional bus station used 19 
solely by diesel and compressed natural gas (CNG) fuelled buses is chosen as the 20 
representative location. The model is applied to quantify the spatial distributions of 21 
bus emitted particles and evaluate the highest emission locations long the bus queue. 22 
The input variables include the length of the considered zone and emission inventory. 23 
The emission inventory is the combination of bus driving conditions and the 24 
 13
corresponding particle emission rates. The definition of the CLSE model follows the 1 
steps describes in section 2. 2 
3.1 Bus station plan and traffic information 3 
The bus station has two platforms subject to the two directions of travel, defined as 4 
outbound and inbound, as shown in Figure 4. 5 
  6 
On both platform lanes, C1 represents the initial cruising, D notes the deceleration, I 7 
means the idle, A denotes the acceleration and C2 shows the final cruising. n signifies 8 
non-stop buses. Buses idle at one of the three locations on the platforms: front, middle 9 
and end, as shown in Figure 5. The length of each platform is 50m (44-94m) and the 10 
length of the buses is 12m. 11 
 12 
The mean decelerating and accelerating distances adopted for all stopping buses are 13 
40m and 60m, respectively. Since the tailpipe of the lead bus was 16m from the front 14 
of the platform, it would accelerate to a distance of 44m beyond the platform. In order 15 
to be consistent with the zone in front of the platform, a same distance 44m was set 16 
behind the platform incorporating into the considered zone. Hereby the end bus would 17 
start to decelerate from 4m in the considered zone due to the given deceleration 18 
distance of 40m. Accordingly, we calculate the length of the considered zone: 50 19 
(length of platform) + 44 (after the platform) + 44 (before the platform) = 138m, as 20 
shown in Figure 5. 21 
 22 
We found the information on the number of buses stopping at each stop, the number 23 
of passing without stopping and the time spent in each of the driving segment by 24 
observing the driving patterns of over 1100 buses between 10:00h and 12:00h on 4 25 
 14
weekdays. It should be stressed that the CLSE model has no application limitations 1 
of locations and time periods on condition of knowing the real vehicle flow 2 
information. The reason of the chosen time interval was because the movement of 3 
buses became chaotic during rush hours, owing to several buses overtaking lead 4 
buses that were forced to stop for excessive periods due to large passenger numbers, 5 
which brings obstacles to obtain the exact bus fleet information. We noticed that 6 
when there was no bus idle at the bus station, an incoming bus generally chose to 7 
idle at the lead stop 1 (78-94m). Under the circumstances of several buses arriving 8 
simultaneously, the following buses idle at the middle stop 2 (61-78m) and at the 9 
end stop 3(44-61m) of the platform in sequence. We assume that the tail-pipe 10 
positions, that is, the idle locations of the buses, are at the end of each stop 1, 2 and 3, 11 
so that the corresponding idling positions are 78, 61 and 44 m in the considered zone. 12 
Thus, the separation between two adjacent buses, ∆L, is 5m and the front of the lead 13 
bus is 4m to the front end of the platform.  14 
 15 
3.2 Particle number emission rates 16 
According to equation (8), the CLSE model requires information that allows 17 
characterization of emission rates relevant to driving conditions. To classify bus fleet 18 
composition, two categories are considered: diesel and CNG buses.  Additionally, 19 
these two categories were disaggregated further in accordance with 4 driving 20 
conditions: cruise, decelerate, idle and accelerate. In this application, the idle and 21 
steady speed emission rates were derived from two dynamometer studies carried out 22 
on over 30 diesel and CNG buses from the same fleet that passed through the bus 23 
station and reported in Ristovski et al (2005) and Jayaratne et al (2009). The emission 24 
rate at deceleration was considered to be identical as during idling. The emission rates 25 
 15
at accelerating are sourced from Jayaratne et al (2009). Table 1 lists the relevant 1 
emission rates dependent of driving conditions, and illustrates that both diesel and 2 
CNG buses obtain substantially greater emission rates under accelerating conditions 3 
compared to other conditions, which is 1-2 orders of magnitude higher for diesel 4 
buses and 4 orders magnitude higher for CNG buses.  5 
 6 
3.3 Adaptation of the CLSE model to bus station 7 
We now apply the previously described CLSE model at the bidirectional bus station, 8 
which is 138m long and with 3 stops. Figure 6 illustrates that 4 separate lines 9 
represent 3 different stopping and non-stop conditions. Each line is composed of 10 
several different driving conditions. The non-stop buses are represented by the bottom 11 
line, marked n.  12 
 13 
As proposed in figure 2, the four separate lines are then constructed into one 14 
composite line to represent the matching buses exhibiting alterations of driving 15 
condition along the lines. According to the conclusion of the CLSE model including 16 
4j segments, the CLSE model applied at bus station is identified to characterize 9 line 17 
segments and 3 point segments due to j = 3. Figure 7 illustrates this technique 18 
utilizing an example of diesel buses and the related emission rates from Table 1. 19 
 20 
Figure 7(a) indicates the emission rates versus the times spent by the bus in each 21 
driving condition. The shaded area is the total number of bus emitted particles 22 
associated with changing driving condition. Figures 7(b-d) further display the total 23 
 16
emitted particle number in the conditions of bus stopping at stop 1, stop 2 and stop 3, 1 
respectively. The x-axes in these three figures represent the time (s) spent during 2 
travelling in each driving condition. The corresponding arriving locations (m) in this 3 
time are also marked in accordance with Figure 5. Likewise, the shaded areas show 4 
the respective total particle emissions for the 3 stopping situations. The mean idle 5 
times at the three stops are 29, 23 and 27s, respectively. It should be stressed that the 6 
equal decelerating and accelerating distances for all buses lead to the same total cruise 7 
distance in the considered zone. Consequently, the bus spent total time in motion is 14 8 
s.  9 
 10 
Figures 7(b-d) distinctly present the driving conditions and particle emissions for 3 11 
stops. We initially aim to obtain one representative line using the CLSE model at bus 12 
station, thus the information from figures 7(b-d) are described into one figure, as 13 
shown in figure 8.  14 
 15 
Figure 8 describes that the considered zone (138m) is divided into 9 line segments and 16 
3 points (3 idle stops). The letters along the top of the figure indicate various driving 17 
conditions relevant to the three stops in each of the given segment. The shaded areas 18 
consist of the total emissions from the three buses, each of which stops at a different 19 
location. The longer 60m acceleration distance is used to define the position of both 20 
sides of the zone compared to the relatively shorter 40m deceleration distance. Hence, 21 
in segment 1, all “stop 1” buses keep accelerating in contrast to “stop 2” and “stop 3” 22 
buses move under final cruise conditions, as shown in Figure 9. The constructed 23 
CLSE model contains 9 line segments and 3 points segments to represent the 138m 24 
considered zone. Along the composite line source, point segments 4, 6 and 8 represent 25 
 17
idling conditions at the three stops. Segment 2 contains the accelerating condition of 1 
the buses that idle at stops 1 and 2 together with the cruise condition of the buses that 2 
idle at stop 3, and so on. Towards non-stop buses, emissions are distributed evenly 3 
along the composite line source. Equations (8) and (9) are applied to quantify the 4 
particle emissions distribution at this bus station. The representative line described in 5 
figure 9 can be used directly as the input of emission source definition in further 6 
modelling work. 7 
4. Results and Discussion 8 
4.1 Bus travel parameters 9 
The parameters used in equations (7)-(9) are outlined below. The means of hourly 10 
number of buses that passed through the bus station reached up to 69 and 80 for the 11 
outbound and inbound directions, respectively. Diesel buses accounted for 60% and 12 
CNG buses were responsible for 40% of the total fleet. Table 2 presents the 13 
percentage of the total number of buses that idled at each of the stops on the two 14 
platforms. The spending time under each driving condition (idling, cruise, decelerate 15 
and accelerate) is listed in table 3.  16 
 17 
We calculate particle number emissions separately for each driving condition utilizing 18 
equation (7) and input parameters from table 1-3. Table 4 describes the time 19 
contributions of buses on each segment at both platforms, derived from equation (9). 20 
 21 
4.2 Total number of particles emitted  22 
We obtain the hourly total emitted particles within the considered zone amounted to 23 
1.5 x 1017 using the emission rates of different driving conditions given in table 1 and 24 
 18
the bus travel parameters described in the CLSE model. We found that the majority of 1 
particles (over 90%) come from the CNG buses, 1.4 x 1017, compared to the emitted 2 
particles from diesel buses attain to 1.1 x 1016. In addition, the inbound buses 3 
contribute 4% greater to the total particle number than the outbound buses.  4 
 5 
4.3 Distribution of emitted particles along the length of the line source 6 
We next consider quantifying the distributions of emitted particles along the 7 
constructed CLSE model at bus station, favouring in defining the source 8 
characteristics required by future dispersion modelling and exposure evaluation. 9 
Figure 10 presents the hourly emitted particle in each segment at the bidirectional bus 10 
station according to equation (8). 11 
 12 
Figure 10 implies segment 3 performs the highest particle number emissions, which is 13 
directly linked to only segment 3 presents all of the buses feature accelerating, as 14 
shown in figure 8. It is known that both diesel and CNG buses characterize the highest 15 
emission rates during the accelerating condition. The same reason goes to segment 9, 16 
where is found to display the lowest particle emissions due to all the buses keep 17 
decelerating in this segment. Segments 4, 6 and 8 are the locations where buses idle. 18 
Although the buses spent most of their time in these three segments, the respective 19 
particle emissions exhibit relative lower values compared to other segments. The 20 
segments between 9 and 12 represent the area behind platform in the considered zone. 21 
Particle emissions in this area shows a reverse “U” shape and lower values occur in 22 
segment 9 and 12. The reason is interpreted as all the buses moving in these two 23 
segments are under deceleration or cruise without acceleration. Therefore we 24 
conclude that acceleration location is a crucial indicator of the emission distributions. 25 
 19
The spatial distribution of particles presents a generally regular pattern that particle 1 
emissions decrease from the front of the considered zone, implying that the particle 2 
emissions is centralized in the region with the most dense acceleration motion. 3 
  4 
Since one function of the CLSE model is to assess the exposure to pollutant at traffic 5 
interrupted microenvironment, we demonstrate this via considering the particle 6 
exposure of passengers congregate on the outbound platform without involving the 7 
meteorology conditions. We increase the resolution along the line in CLSE model to 1 8 
m sections and calculated the total emissions in each section over a 1 hour period, as 9 
shown in Figure 11. The three bus stops are labelled as 1, 2 and 3 and the idle 10 
emissions have been added to the 1 m section immediately behind the tail pipe of the 11 
buses (idling locations) at each stop. If a line source model with a constant (cruising) 12 
emission rate was used instead of the CLSE model, the total number of the emitted 13 
particles would be estimated to be 1.4 x 1015, which is about two orders of magnitude 14 
lower than the result obtained from CLSE model, 1.5 x 1017. Thus, the line source 15 
model with a constant emission rate is not capable of accurately calculating the 16 
emissions in traffic interrupted transport microenvironments, since they do not take 17 
into account the increased emissions produced under acceleration and idling 18 
conditions.  19 
 20 
Figure 11 also indicates accelerating buses dominates emission distributions. The area 21 
has more accelerating buses shows greater particle numbers. For example, the 22 
emissions between 44-61m (stop 3) mostly account for the acceleration of the buses 23 
that idle at stop 3, as well as those decelerate through this section. Between 61- 78m 24 
(stop 2), all of the buses that idle at stop 2 and 3 keep accelerating and thus, gain 25 
 20
greater particle emissions compared to 44-61m section. Likewise, the space between 1 
78 and 104m presents the highest emissions, which is due to it is the only section 2 
where all the stopping buses moving in accelerating. Additionally, the idling buses 3 
contributed insignificantly to the total particle emissions. Even so, the emitted 4 
particles from the buses idle at stop 1 increase the particle emissions in section 78m to 5 
the highest observable value of 1.46 x 1015 particles h-1. Regarding passenger 6 
exposure, the worst waiting position is at the front of the platform in contrast to the 7 
best position is to stand at the rear end of the platform. We found the exposure at the 8 
front end of the platform was 43 times higher than at the rear end of the platform, 9 
which is directly associated with 40-45% of the buses stop at the front end of the 10 
platform (Table 2) and, naturally, this is where most passengers wait on the platform.  11 
5. Conclusions and implications 12 
Regarding the importance of vehicle emissions dependence of driving conditions, and 13 
with the fact that longer idling and accelerating conditions are more polluted than 14 
steady cruising condition, this research developed a CLSE model specifically to 15 
quantify the spatial distribution of vehicle emission at traffic interrupted 16 
microenvironments. Unlike most other traditional models that assume a fixed 17 
emission rate pertaining to a steady driving speed, this model considers varying 18 
emission rates associated with changing driving conditions, also allows for choosing 19 
emission rates based on fleet compositions. The number of vehicles in the queue and 20 
their changing locations caused by continuously movements are also included. This 21 
model can fast estimate the composition and positions of the 4j segments according to 22 
the vehicle queue and the longer distance between acceleration and the deceleration, 23 
besides, at any point within the considered zone, based on the vehicle queue, vehicle 24 
speeds and acceleration rates, the time periods spent for vehicle cruise, decelerate, 25 
 21
idling and accelerate can be predicted. The information is then taken into account by 1 
the CLSE model to link with the corresponding emission rates and quantify the 2 
vehicle emissions within the considered zone. In this way, we can obtain the spatial 3 
distribution of emissions at any point from the vehicle queue using the CLSE model. 4 
The described representative line in CLSE model can be used directly as the input of 5 
emission source definition in future modelling work. 6 
 7 
A case study conducted at a dedicated bidirectional bus station used by diesel and 8 
CNG fuelled buses shows that, the CLSE model is capable of evaluating the particle 9 
number concentrations along the platform by constructing one representative line 10 
source, and the results showed that the highest emissions occurred in sections where 11 
most of the buses were accelerating, with only marginal increases at locations where 12 
they idled even buses spend longest time in idling. It was also shown that the 13 
emissions at the front end of the platform were 43 times higher than at the rear of the 14 
platform, suggesting that from a passenger exposure point of view, it would be better 15 
for passengers to wait for buses at the rear end of the platform instead of at the front 16 
end, although this may not always be convenient as most of the buses stop at the front 17 
end of the platform. Above all, the CLSE model is proved that it has the ability of 18 
providing reasonable estimations of vehicle emission scenarios at traffic interrupted 19 
microenvironments and it is also a scientific tool can be used in the control strategies 20 
and policy making. 21 
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Figure Captions 1 
 2 
Figure 1. The speed-time profiles for two conditions – vehicles stopping and passing 3 
without stopping (VC: cruise speed; TC1: time of the initial cruise; TD: the deceleration 4 
time; TI: the idling time; TA: the acceleration time; TC2: time of the final cruise).  5 
Figure 2. Driving characteristics of vehicles idling at different locations in the 6 
considered zone (j: stopping location; Cj1: initial cruise; Dj: deceleration; Ij: idle; Aj: 7 
acceleration; Cj2: final cruise) 8 
Figure 3. The development of the CLSE model incorporating 4j segments (points and 9 
lines)  10 
Figure 4. Bus station plan 11 
Figure 5. Bus idling stops at both platforms (m) 12 
Figure 6. Description of driving conditions of 4 types of buses at the bus station. 13 
Figure 7. Estimation of the total particle number emitted by a diesel bus stopping at 14 
the three stops: (a) emission rate vs time chart (b) total emitted particles of idling at 15 
stop 1 (c) total emitted particles of idling at stop 2 (d) total emitted particles of idling 16 
at stop 3 17 
Figure 8.  Prediction of total particle emissions of 3 buses idling at 3 different stops 18 
Figure 9. The CLSE model application in bus station 19 
Figure 10. Estimation of the total particle number emitted in each segment for the 20 
two directions using the CLSE model 21 
 22 
Figure 11. The spatial distributions of the total particle number emissions at the 23 
outbound platform (the three stops are indicated as 1, 2 and 3 24 
 25 
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Tables 7 
 8 
Table1. Emission rates (particles s-1) for CNG and diesel buses ((Most of the particles 9 
were in the size range 0-400 nm, with a count median diameter of 80-90 nm and 10-10 
12 nm for diesel and CNG buses, respectively) 11 
Driving Condition Deceleration Idle Acceleration Cruise 
Diesel Buses 1.5 E+11 1.5 E+11 2 E+13 1.8 E+12 
CNG Buses 3.3 E+10 3.3 E+10 4 E+14 8.5 E+10 
 29
 1 
Table 2. The percentage number of buses at each stop in each direction 2 
 3 
 4 
 5 
Table 3. Average time spent by the buses (in s) under the various driving conditions 6 
 Outbound Inbound Non-stop 
 c1 d i a c2 c1 d i a c2 i 
Stop1 2.2 4.7 29 7.1 0 2.2 4.7 28 7.1 0 8.1 
Stop2 1.2 4.7 23 7.1 1 1.2 4.7 25 7.1 1 8.1 
Stop3 0.2 4.7 27 7.1 2 0.2 4.7 22 7.1 2 8.1 
 7 
 8 
Table 4. The time contributions to each segment of all the passing buses along the 9 
composite line at the two platforms (All values are given as percentage (%)) 10 
 11 
Platform Segment 1 2 3 4 5 6 7 8 9 10 11 12
Outbound 
Stop1 15 18 66 100 66 0 26 0 9 45 45 9
Stop2 100 15 31 0 54 100 66 0 11 23 83 17
Stop3 50 50 25 0 21 0 54 100 38 38 23 100
Nonstop 12 12 19 0 0.12 0 12 0 4 12 12 3
       
Inbound 
Stop1 15 18 66 100 66 0 26 0 9 45 45 9
Stop2 100 15 31 0 54 100 66 0 11 23 83 17
Stop3 50 50 25 0 21 0 54 100 38 38 23 100
Nonstop 12 12 19 0 12 0 12 0 4 12 12 3
 12 
 Stop1 Stop2 Stop3 Non Stop Total  
Outbound 45.9% 27.7% 11.7% 14.7% 100% 
Inbound 40.4% 22.4% 13.9% 23.3% 100% 
